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SUMMARY 

This repor t  covers a two-month period and the  completion of m a s e  I1 
of the contract .  A l l  t he  object ives  of Phase 11, Tooling end Manu- 

fac tur ing  Plan, have been successful ly  accomnlished. A design f o r  

a t i tanium ( 8 A l - W l V )  base gore semen t  has 
(SK-P1-1165-B appl ies .  ) 
f o r  the  2219-T87 alumlnum gore s e p e n t  shown in EiK! drawing 6OE25206-1 
(gore,Mse, lower head, fue l  tank). 

(t i tanium versus aluminum) shows a weight reduction of 24 percent when 

ti tanium i s  used. 

been cmple ted .  

This design sat isf ' i r t  a l l  the  rqul rements  

A comparatim weight analysis  

A l l  the  tool ing required for the titanium gore fabr ica t ion  in  Phase I11 
of the contract  has been c r n n l r ~ t - ~ .  The Screed Tool. uspd in fabr ica t ing  

t h e  Vacuum Forming Tool and to he i i w d  i n  checking the contour of the 

formed gores has been completed. The Vacu-form Tool fo r  fonning the 

gores has been fabricated.  The diffusion bondiw tool developed and 

f'abrlcated i n  Phase I I s  ready f o r  use i n  Phase, 111. The f l a t  pa t te rn  

layout has b w n  developed fo r  the machtning and trimming of the  gore. 

The vacuum chuck ror holding the t i tanium p la t e  during machining i s  

complete. The t r i m  f i x tu re  for holding th -  formed gore during thc 

trimming operation ha6 been fabricated,  

p l a t e s  arcJ ava i lab le  for f l a t t en ing  thc titanium p la t e  a f t e r  the 

diffuGion bonding operatlon. The Scrwd Tool and  V,icu-foming Tool 
have been inspvcted by Qusli ty Control. 

Two +inch th ick  s t e e l  

Temperature check of the Vacu-form Tool showed t h a t  thp tool. would 

heat  up t o  1450' F within 1-1/2 hours and thc- d i e  temperature could 

be cantrol led a t  141;G' F within a tolerance of + 75' F and -2'5' F 

during; a 1/2-hoiir  soak pr,riod. A check of th t .  cool down rat< showed 

t h a t  a maximum of 100 F pc-r hour could bc rnaInt,nInLd f Y 0 m  lh50 F 

to W O O  F. 

0 0 
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Two 75 KVA power c a r t s  with con t ro l l e r s  and recordem were purchased 

by b e i n g  t o  provide power for heat ing t h e  Vacu-form Tool. 
power c a r t  16 avai lab le  within the Company, so a l l  thc  facil i t icTs 

required a re  present ly  on hand. 

A t h i r d  

A e e r i e r  of 35 mm co lor  s l ideE have bem taken of the, Vocu-fonn t o o l  

construct ion and have bem forwarded by separatc  correspondence. 

All n a t e r i a l s  a r e  avai lable  except t he  t i tanium p l a t e s ,  a l l  t oo l s  

am i n  readinr ss, end a l l  plnns arr s e t  f o r  go-ahcad for  th t  t h l rd  

and f i n a l  Phase I11 of the contract .  Sane d i f f i c u l t y  ha5 bc>en 

cxperienped with t h e  t i t m l u r n  @te  suppl ier .  I n  thl rolling optratSon 

micro crocks appeared on the surface of the p la tp  when it, was m l l r d  

t o  a thickness of 2 l/2-inchc.s. Ncgotjatione a m  he l n g  rmdc with 

the supp l i e r  t o  cf4xrmYnc if thc p l a t w  can br se lvagrd ,  3r w i l l  

r equ i r e  replacement. T h ~ ~  s t a r t  of mas? I11 wl11 dro#nci  upon t h t  

outcant. of thpsf,  negotistjons. 
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OVEFUYJL PROGRESS - PRASE I1 

I. Design of Gore 

A t  t h e  c o n c l u s i o n  of Phase I, a t i t a n i u m  sori dtxsign drawing 

SK-P1-1165-A WRS submit ted t o  NASA for  w v j + x w .  During Phase 11, 

t h e  d f > s i g n  was Improved by e l i m i n a t i n g  unnt i - i * s ? a r y  w(.ight, and 

a new dmwjng SK-PI-1165-B was approvtd by  NASA. 

changes i n  t h t  ntaw drawing w r ' r e  i n c m n s i n p  thc nunibtir of 

merdional  r ibs f r o m  4 t o  6, decreasinp;  tht  width of t h e  r ibs ,  

and d e c r e a s i n g  thcl width of thc. wc*ld  lflnds. 

t h e  chaneFs has reduced t h t  w e j g h t  of tbr  t i t a n j i i m  nor[ P r m  

220 t o  210 pounds, whlch r m r e s e n t s  a tot.81 w r l g h t .  rc d u c t i o n  

of 24 pt , rcent  over tht-, aluminum F c m .  xi: t i n v  crluminum 

gore  wc'I gh t I s 37f; pound .r . 

Thl. p r i m a r y  

Th nr t, r e s u l t  of 

Thi 

IT. Toolinp 
All tooltng;: hHs btacn cofopletc>d and le rrriri? fpr r ) ~ ?  fabri  - a t i o n  

i n  PhasE 111. Thtd toolinst rons is t s  of th- following i tms: 

1. Vacu-form ton1 fabr icn t ion  and proof t f A b t i n s r  

2. Scrced too l  f a b r i c a t i o n  and .Insoectim 

3. Vacuum rbuck 

I r .  Trim f ixture  
5. Ilot f l a t t e n i n g  tool 

6 .  D i a n h m q i  

7. Diff i is ion bonding tool. 

8.  F l n t  n a t t c r n  dcwalnprir-nt  

3 



The Vacu-form tool was fabricated i n  four major s teps  as follows: 
1. The concrete base wae c a s t  on the  factory floor. It contained 

suf f ic ien t  s t e e l  ro r  re-inforcement and f o r  attachment t o  the 

s t e e l  box. 

The s t e e l  box was welded together  and was a l s o  attached t o  

the  cement base by welding. 

2. 

3. In adding the  in te rna l  s t ruc ture  t o  the s t e e l  box, t h e  Screed 

t o o l  was very helpful in maiotalning cont ro l  of the contour 

and buildup of each l a y e r o f  material .  

be swung to  any location for checking. 

of the in t e rna l  s t ruc ture  of the s t e e l  box was as  follows: 

a. Conventional fire brick was cemented i n  place t o  within 

The Screed tool could 

The fabr ica t ion  sequence 

6 inches of t he  f i n a l  contour. The l a s t  l aye r  of br icks  

were band sawed when required t o  obtain the general  gore 

configuration. Figures 2 and 3 show laying of the f i re  

brick and use of the  Screed tool f o r  checking brick placement. 

b. The fire brick surface was cowred with a cas tab le  cement 

and screeded to contour with the  Screed tool. 
shows the  Screed t o o l  being ueed t o  check the  contour of the f irst  

Glasrock blocks placed on the castable  cement which was screeded 

t o  contour by the Screed tool .  

The Ghsrock blocks (50-pound density,  4-1/2 by 18 by 18 
inches) were cemented to  the  castable  cement surface.  

Figure 4. 

F i v  4 

C. 

See 

d. Ten waxlc covered end edge hea ter  tubes w e r c  cemented i n  place 

a t  e i t h e r  end of the  tool. Figure 5 shows one end of thc 

d i e ,  and the location of the 10 edge hcater  tubes. Both 

ends a r e  the same and the end heaters  a r e  he lm the main 
heaters  . 
A 1/2-inch layer of Glasrock cement was screeded over the 

Glasrock blocks with the use of thc S c r w d  tool .  

e. 

%hw.t of wax (0.02.0 t h i c k )  a r f '  1ayc.d up on thc t 1 i h . i ;  br.fort. tht. tuhm 
a r e  placed I n  t h e  tool. 
leaving space f o r  tube exwinsion. 

Thin wax w i l l  burn out when thr. t oo l  IG "f i red" 

NAS 8-20534 ( 6 )  
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f. 140 wa* covered tubes were located i n  t he  d i e  a t  o. 

spacing of 0.75 inch, center l ine measurement. 

shows the main hea te r  tubes tacked i n  place by cement. 

The f in i shed  surface was made by screrding a 3/8-inch 

cos t ing  of Glasrock cement over t h e  top  of t h e  tubu la r  

heat ing elements. Figure 7 shows the  heated area of t he  

d l e  with thc. f inished surface. Roth tnds and s ides  are  

s t i l l  open. 

Figure 6 

g. 

The f i n a l  surface before heatup was inspected by Quallty 

Control and waviness was found t o  vary less than 0.010- 

inchp’s in any 6-inch area.  

wlthin + O . 0 5 O - i n c h c  G of nominal r i n d  t h f  mdluc~ of thc  d i t .  

w a s  within + 0.080-incht~s of nornintil. 

Thc contour of t h e  d i e  vas  

- 
- 

4. The e l e c t r i c a l  hookup of t h e  die fncludc.d thp  following i t a s :  

a. 

b. 

5 



C. In conotruction of thc  Vacu-fonn tool ,  provisions were 

made for the  use of 34 thennocouples for cont ro l l ing  and 

recording d i e  temperntareo. 

i n s t a l l ed ,  cal ibrated,  and connected t o  the  power ca r t s .  

A cont ro l l ing  recording thermocouple was i n  each of the 

16 zones plus 14 recording only thermocouples were i n  a11 
zones except the 2 end zme8. Four addi t iona l  recording 

only thermocouples w e r e  located i n  the  area of part corner 

locat ion.  See Figure 11 for thermocouple locations.  

The 34 thennocouples w m  

d. After a l l  e l e c t r i c a l  connections w e r e  completed, an 
e l e c t x i c a l  cont inui ty  check w a s  made which showed there  was 

good cont inui ty .  

The power was turned on, and the  t o o l  was heated t o  200' F 

for 8 hours. During t h i s  period, thr wax on tht. heated 

clemtmts melted and created a l o t  of srnokc . Also, t h e r e  

w e r e  nwwrous small je ts  of flame e rn i t t l na  from tht' ends of 

the tubular  heating elements. 

wax vaporizing. Although the smoke and flamts wen spectacular,  

th-y caused no damage. The heat ing of the  d i e  also forced out  

a considerable amount of moisture. 

A f t c r  8 hours of heating a t  200' F, th?  d i c  was allowed t o  heat 

up t o  10oOo F t o  f 'urther bakt. out  tht. d ie .  The die  was allowed 

t o  cool t o  morn ternprrature, and it was noted t h a t  surfacc 

cracking was insignif icant .  

e .  

The flarni s were cawed by t h t  

f. 

8. Because the heating elements are  of d i f f e r e n t  length, the 

power c a r t s  had to  be adjusted t o  incmase tht voltage i n  

the longer heating elements. 

the short t i i b ~ s  t o  300 f o r  the longest tubes. 

Thc voltage ranges f r o m  200 f o r  

h. Mtt-r t h F  voltag;cs had bcen rc q111ati d ,  th .  tool  wos heated t o  
o 0 

];'(K'' F. A l l  16 zoni.:~ w>p9 1 ~ 1 . t  r r t  I , 'OO F, nnd t h l s  t . imp i* ra tun -  

W i l l ;  1-1 c i c - h t  r l  I r i  ')O 111 iniit.1 :,. TIit. i l l !  W I I : ~  ( - ( ) V I  i-, (1 w 1 t . h  on1 th1t.k- 

nl.:i: of n:iht  to:, (.loth t o  1-1 tn in t111 t i l  u t .  

ProoL' Ti.ritl n L o f  Vncu-Fonii 'I'ooL 

"he prplirninory t e s t i n g  arcornplished above assured us t h a t  t h e  too l  

w m l d  m w t  the  des ip .  requjrements of heating a m r t  t o  14500 F in 

_---- 

NAS 8-20534 ( 6 )  
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1-1/2 hours. 

hook-up a t  ei ther  end o f t h e  d i e  w i t h  f i r e  b r i ck  and cement. 

The vacuum pump was connected and preparations vert: made for  a 
complete tes t  m i n u s  the ac tua l  part. 

Therefore, we proceeded t o  close i n  the  e l e c t r i c a l  

The following a r e  the steps t h a t  were performed: 

1. S t r i p s  of s i l i c o n  rubber 0.125-inch th i ck  and 3 inches wide 

were placed on the  d i e  flange. 

The s t a i n l e s s  s teel  diaphragm, 0.020 by 144 by 228 inches, was 

placed over t h e  d i e  and secured t o  the  d i e  f lange  with l a rge  

2. 

11 I f  C clamps. 

3. A 1/2-Fnch th ick  covering of micro quartz insu la t ion  sheet ing 

was placed on the  diaphragm covering the  heated port ion of thr  

d ie .  

The power was tumed on and t h e  parer c a r t  con t ro l l e r s  w e n  

s t . t  a t  1450' F. 

t h e  twnprrsture and t i m e .  

4. 
 hi recorder ms put i n  oppraticm t o  w c o r ~ 1  

5. The w-cuw. pump was connected t o  t h e  d i e  and put i n  operation a t  

6. 
the same t i m e  t h e  heating was s t a r t e d .  

There w e r e  numerous leaks,  e spec ia l ly  a t  t h e  diaphragm seal. 

Althoum we continued to Dlup the1 leaks,  we could n o t  g e t  a 

vacuum of over I3 inchts of Hg. A t  t h i s  no in t  w e  couldn't  t e l l  

whethrr t he  pump, die, leaks, or a break i n  thc diaphragm was th?  

problem. 

WP cont inmd the  hratup and were able t o  obtnin 1450 

1-1/2 hours. 

cool d a m  cycle was no t  run because of t h r  vacuum fa i lure .  

After t h e  test, and the. i n m l a t i o n  was removed frai the  diaphragm, 

it was observed there  was a bn3ak in  t h t  dinnhraen about 18 
inchr 6 lonE. Thc hrcsak was i n  tlx. ht.at R f f l  c t c d  7,onc of a weld, 

Wt PO:; Itivc t h u t  th3:. djcrphrann p7rohl1 111 '.on IN [ ;dvc.d and 

wi 1 1  t:nlvl' thl- p r o h l c w i  In the* ln tc~r lu8(  \ ) ( . t w r v m  111nt;c T I  rind 111 

of thc  contmct .  

0 
7. F i n  

FiguzT 12 shows time a t  tempt r a t u r e  curvf?. A 

\ 



To determine If the  d ie  was capable of having a vacuum 

pulled and t h a t  the pump vas capable, another test was run 
using a vinyl  p l a s t i c  sheet  as a diaphraepl. 

vinyl  sheet  was layed over the  d i e  with the d i e  a t  roam 
temperature. The vacuum pump was s t a r t ed ,  and in  5 minutes 

we had a vacuum of 25 inches of Hg. This t e s t  proved t h a t  t he  

d i e  was capable of holding 8 vacuum and the  pump was adequate. 

After  running the  vacuum ror 30 minutes, the vacuum indica tor  showed 

a vacuum of 26 inches of Eg. 
a vacuum of 25 inches of Eg I s  adequate f o r  the  forming operation. 

Figure 13 shows t h e  completed vacu-form d i e  with the vinyl shee t  

in place during a vacwnn test. Figure 14 is a close up view of 
the  vacuum pump and the vacuum meter indicated almost 26 inches 

of Hg being pulled. 

A 40-mil th ick  

Our previous t e s t s  have s h m  t h a t  

A fu r the r  heating t e s t  of the d i e  was made f o r  the complete heat  

cycle. 

covering the complete die .  

s t a r t ed .  

The temperature of the d i e  reached 1450° F i n  1-1/2 hours. 

d i e  was allowed t o  soak a t  t h i s  temperature 1/2 hour. After the 

soak period, the d i e  was cooled t o  900' F a t  a r a t e  of a maximum 

of 100' F/hour. 

down. 
except the  l a s t  hour where it was s e t  50' F lower t o  900' F. 
During each hour, the power would automatically come back on if the  

r a t e  exceeded 100' F which was the  case during the whole cool down 
cycle. Even though we d i d  not have a p a r t  i n  the die,  and we d i d  

not use a diaphragm in t h i s  t t s t ,  it is  our opinion t h a t  outs ide 

cooline w i l l  not bp ncccsGary d i i r l n ~  R nort  formlng run. 
F1girt.n 15 and 16 for thcb h ~ a t u p  and cool dawn cyclc of the- d i t  . 

A l aye r  of micro quartz blanket insu la t ion  was placed 

The time was noted and the power was 

A continuous recording was made during the oomplete cycle. 

The 

The insu la t ion  was l e f t  i n  place during the  cool 

Every hour we r e s e t  the  power c a r t ' s  controls  100' F lower, 

See 

S c r c ~ d  Tool, MwinR FMIT 12m7?60 Fabrlcatlon 
The Function of t h e  Scrwd too l  was t o  provide a rncans of cont ro l l ing  

the  contour of the Vacu-form tool a t  the various leve ls  of construction. 

NAS 8-20534 ( 6 )  
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Figure 17 shows the Screed tool and Its re l a t ionsh ip  t o  the  

Vacu-form d ie .  

re la t ion to the  die fo r  checking o r  can be used t o  sweeep-in 

o r  screed a cement surface. 

of mater ia l  i s  maintained with the  use of tht  Screed tool. 
Governing t h e  thicknvss of t h e  d i f f e r e n t  l a y f m  of nlatcrials i s  

important i n  providing a uniform hr.at d i s t r ibu t ion  i n  thc  d i e  

surfkce.  Thr Screed tool a l s o  provides a mcans of inspect ing 

the f i n a l  contour of the  Vacu-form d i e  and gore segment. The 

c r i t i c a l  fea tures  of thc  Scretd tool  in t h e  inspection f’unctton 

i s  the  template c o n t m r  and its re l a t ionsh ip  t o  the swwp of the  

Screed arm. 

The Screed can be held i n  any pos i t ion  i n  

The proper thickness of each l a y e r  

The construct ion s teps  of the Screed t o o l  a r e  a s  follows: 

1. A 16-inch diamcter s t e F 1  pipe, 9 f e e t  long  was we1df.d t o  a 

s t r e l  base p l a t -  3 by 48 x 48 h c h e s .  This i s  thr ,  ?tanchion 

a s  6 embly . 
2. The bearing-holding s t ruc tu re  was t h f n  mounted on tb ton plate. 

of the  stanchion assembly and temporarily bolted i n  placc. 

3. Thc Screed arm asstmbly cons is t s  of a s t e e l  pip? 10 inches i n  

dirna-tcr and 19 f t ’ c t  long which has a provision a t  i t s  midpoint 

for e t taching  t o  th t  ht arlng-holding-structure . To the, lower 

rnd of thr Scrtbd am, thc n t a r  m d  of thc  Scrcfd  blade is  

at tached so as t o  p r o v i d r  a gore configuration contour t o  the 

surface of t h e  Vacu-fonn tool  when thc ann is swept through I t s  

a rc .  The uppr’r half  of the  Screed ann only provides a coUntF-r- 

balance. A 3-inch diamett:r  s t e c l  tubp i s  attachcd t o  the  far  

cnd of t h e  Scrctd blade and thc Screed arm as a brace. 



@ h s p e c  t ion 
T 

I The method of inspection of the Screed t o o l  and the  r e s u l t s  

are described below. 

Detailed Inspection procedure for  checking the  Screed tool and 

6Ub6eqUently the  VacU-fO?m tool a r e  shown in Figure 18 and 

described below. 

1. 

2. 

3. 

4. 

5 .  

6. 
7. 

8. 

P. 

Set  Screed t o  the  center  l i n e  of "x" and "y" (center  of 
ro t a t ion  s h a f t )  by means of a t r a n s i t  and two too l ing  bal ls  

on the  s h a f t  holder. 

Determined the  angle of the  s h a f t  fran a hor izonta l  plane 

using a l eve l  and two reference too l ing  balls. 

Located a reference too l ing  button on the  support post  and 

noted dis tance from lower too l ing  ball .  

Located mylar temglate (furnished by Q.C. Nuuerical C o n t r o l )  
t o  the Screed. This I s  accomplished by "miking" with inside 

micrometer frun the  s h a f t  t o  the coordination point  (118.811) 
marked on t he  mylar. 

Checked the  horizontal  height  of the  marked coordination point 

on each end of the  mylar with a level. 

Checked contour of the Screed t o  the  mylar. 

Checked contour of the d3e t o  the  screed and mylar; removed 

screed and mylar. 

Attached a d i a l  indicator  t o  the  sweep and moved sweep t o  E.O.P. 

and checked contour var ia t ions .  Set  ind ica tor  t o  a minimum of 
f ive  d i f f e r e n t  places. 

The insnection determined t h a t  the Screed i s  located Dmperly 

t o  the  po in t  of ro ta t ion ,  contour of screed i s  Correct, and 

the  contour of the  Vacu-form d i e  matches the  s c r w d .  
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Vacuum Chuck 

A M C U ~  chuck is  required t o  hold t h e  t i tanium p l a t e  during 

t h e  machining operation. 

feet  is  available, so we fabricated another chuck t he  same o i z e .  

This gives us a chuck 4 by 14 feet .  Our machine equipment w i l l  no t  
accornmodate a chuck any l a r g e r  than this. Therefore, t he  machining 

op t r a t ion  w i l l  be accomplishtd i n  t w o  s teps ,  one-half t h r  p a r t  a t  

a time. The vacuum chuckwas fabricated with our f'undc, so w i l l  

remain the  propprty of The BoeFng Company. 

A vacuum chuck approximately 4 by 7 

Trim Fixture 

A trirn f i x t u r e  of egg-crate design w a s  fabr icated from plywood. The 

f i x t u r e  has the  function of holding t h e  foxmcd Porr segment dllring 

the  trim opciration and thf  f i n j s h  boring of t h e  6.00-inch diarnetcr 

hole. h r  orig-fnal plen was t o  USE a ska tc  attachmtmt for  tht  f i n n l  

t r i m  of the  mrt. 
involving f r i c t i m  sawing with a s k i l l  saw i s  t o  br uqr.d. Thp 

sawing: opcration w i l l  be followed by b e l t  sandinn t o  f i n i s h  the  f d # t .  

F J w w p r ,  a quicker and mor? economir-a1 nicthod 

Hot Flattening Tool 
One of t h e  f i r s t  operations on t h e  t i t an ium n la t c  for  the gorp 

segjnpnt i s  t o  c u t  thP 5.50-inch hole in t h e  p l a t e  and diffusion bond 

thc  relnforc+mc,nt r i n g  aroimd the  holc. The iliffiiston bonding 

o p f r a t i o n  w i l l  caiisc d i s t o r t i o n  in the  p l o t ( .  Hot f l f l t t cn inp  in  a 

fbrnace a t  1200 F for  two hours w i l l  rmovc d i s t o r t i o n  i n  t hc  t i tanium 

p l a t e  causcd by thc  diffrision bonding and  ill rol l ing.  

t h e  titanium p l a t e s  will. be ready for machjning. 

0 

After f l a t t cn ing ,  



I 

, '. 

or m o r e  w i l l  be placed on top of t he  sandwich before the  

hot  f l a t t e n i n g  operation. 

more f l a t t e n i n g  capabi l i ty .  One mild s t e e l  p l a t e  w i l l  have 

a hole cu t  i n  it t o  accommodate the  r ing  t h a t  has been d i f fus ion  

bonded t o  the titanium plate .  This method of f l a t t e n i n g  t i tanium 

has been used 6uccessf i l ly  i n  the past by Boeing. 

This addi t iona l  weight w i l l  give u6 

Diaphmfm 

Three diaphrag~ns have been fabricated for the Vacu-form tool. The 

diaphragms were  made by welding together  seven sheets of 304 s t a i n l e s s  

steel  0.b20 by 36 by 144 inches. 

i s  0.020 by 252 by 144 inches. 

the  Vacu-fonn d i e  with the gore p a r t  i n  the dip so that a vacuum 

can be pulled t o  form the gore. The diaphragm I s  clamped t u  the 

flange provided on the Vacu-fonn d ie .  

The final.  s i z e  of the diaphragms 

The diaphragpls w i l l  be used to  cover 

Diffus ion BondinR Tool 
The d i f fus ion  bonding tool developed and fabricated i n  Phase I 

i s  ready and w i l l  be used i n  Phase 111. 

B y e  Segment F l a t  P a t t e r n  Development 

Background 

Pocketed, douhlp contourpd nar t s  such as the t i tanium gore segment 

can bcx nroduccd by e i t h e r  of two baslc rnrthods; mac#hining the. pockets 

(1) i n  t h e  f l a t  p r io r  t o  forming, or (2)  i n  the double contour after 

forminq. 

for  both methods. Nomally,conventional rnilllng artt-r foming 

requ i r t s  5-axis numerical cont ro l  t o  meet to lwances  . 
Either  conventional or chemical mil l ing can be cons ide r4  

*Nor do113 any known manufacturer a t  t h i s  timr. hnvc. suc-h tquiprnmt. 
%t.tng cxxpect dvl ivr ry  of a 5-axis NC m i l l  I n  bhrch, l?t,O, howr vcr, 
whlph would r c a d j l y  handlc. a €on- of thio sizr and shnpf  . 

NAS 8-20534 (6) 
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descr ibing a f l a t  pa t t e rn  which, when formed, would f a l l  within 

drawing tolerances.  

F l a t  machining patterns for aluminum gores now i n  production were 

developed empirically sane time ago. P r i n t s  of these  patterns wew 

obtained and studied. The aluminum gofyls an. hydraul ical ly  bulge 

fonned, however, while t he  t i t an ium gorcs w i l l  bt. vacuum crccp fonned. 

During bulge forming, t he  e n t i r e  part s t r e t ches ,  while e s s e n t i a l l y  

no matertal f l o w  results from vacuu: cretp forming. This difference 

i n  forming methods meant t h e  ear1it .r  f l a t  pa t t e rn  work was n o t  
applicable.  

Since the con t rac t  dots not prov ide  for  t h e  time or  material t o  
develop a n e w  empirical f l a t  pa t te rn ,  m a l y t i c a l  rw thods for opplyinq 

subsCelt. t F s t  r esu l t s  W<:P workcd oiit. T h r  follarjnp d + ~ ~ * i ~ s 6 i o n  

describtBs t h i s  oi ia lyt ical  f l a t  pa t t e rn  df,vplopmt.nt. 

Subscale Tests 

A siibscale part of nominally 24 by 36 by l / R  Inch was cu t  into the  

approxirnetc ex-pected sham of the  f l R t  n a t t e m .  It was Ecrihid with a 

1-inch qrid on the  s f d o  which was t o  br; convex. The accumcy of the 

a r i d  w a s  ahout + 0 . C G l  -inch. - 



0.5 

! 

1\11 figures i n  inches. 
P , l l  mc.r_rr,urc*mrnt s takcn rilong corripound 
conl.ourr:d swfr :cr.. 

SKETCH 1 

. 



The following conclusions can be drawn fKkn these data:  

1. 

2. 

3. 

4. 

5. 

The p a r t  moved down unsymmetrically, h u t  not enouah t o  

mater ia l ly  a f f e c t  c u m  tolerances.  

Points along the cen te r l ine  of symmetry movrd c s s c n t i o l l y  

s t r a i g h t  dawn; l e , ,  poin ts  o r i g i n a l l y  I n  the  centcmlane  

of p a r t  symmetry remained i n  t h a t  plane, o r  near ly  so, during 

the  forming process. 

Similar ly ,  points  e s s e n t i a l l y  along the  w r p m d i c u l a r  h i s e c t o r  

of t h e  cen te r l ine  of s m e t r y  moved straight down, or nearly so. 
Lines near the center  of the  p a r t  grew s l i g h t l y .  

Lints  near  the  edge of the  p a r t  shrank s l i g h t l y .  

Wjthin the measuring tolerances of - + 0.0075 inch, the amounts of 
growth and shrink exhibited by the  subscale ?ar t  can be expected to  

occur i n  the full-scale par t .  Further,  6inct no major d is loca t ion  

of grid l i n e s  c<*curre-d, t h e  d is tances  bt-twern r i b  in te r -ec t ions  on 

the flat, silil1t.d blank must f J q u a l  t he  a r c  lengths betwetn rih 

in te rspc t ions  3n  tht foxnird p a r t .  These a r c  I rJnpths  werr d e t e r m i n t d  

a n a l y t i c a l l y  and m d i f i c d  hy sca l ing  tip thP growth and shrjnk fac tors  

observrd i n  t he  siihr r a l e  tc2s t. 

BasFd upon t h p  ahow d a t a ,  tables w e r e  made- of t h e  following i tems:  

1. 

2. Tnie  lpngjh da%n. 

3. X-Y cooril1natc.s of t h t  f l a t  pa t te rn .  

S D a w  roor lna t r s  of s i g n i f i c a n t  po in ts  on t h c  ou te r  gore sv r fbc~  . 
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Manufacturing Plan is i n  t h ree  parts, Receiving Inspection 

of Titanium Plate ,  Fabrication of the  Gore, a n d ' k s t r u c t i v e  

Testing. 

follows : 
A. Receiving Inspection Plan 

A description of each of these  t h r c e  plans i s  as 

The Receiving Inspcction Record ( R I R )  w i l l  includc all insncction 

and non-dt s t r u c t i v t  t e s t  wquiremcnts for rwr-ivinp; material. 

The three titanium p1att.s for thp  gore h t - g m t m t s  a re  bt.jng 

purchased f'ran Tjtanim Metals Corporatjon p r Boeinp docummt 

D6-6051-1. 
of t e s t s  which show confonnance t o  t h e  reauirerntmts of thc 

docuni-.nt D6-6051.-1. A copy of t h i s  rl'port w i l l  ?x siibmitttd to  
NASA during Phase 111 of tht. cont rac t .  h r  H I R  w i l l  inc:l\id( 

t h e  followinp tt tit r c s u l t t  whic*h w l l l  hr suhiriittcd a long with 

su tml ie r ' s  r t p o r t  t o  NASA durjnp Phase TIJ. 

"he s u p p l i r r  w i l l  f u r n i s h  a rqort qf the r e s u l t s  

I. V!;ual and D i m m s i o n a l  InsDection 

a. F'ackaginc nnd darnap. 

b. b r k i n y  8nd i ? . c t i f i r a t l o n .  

c . D i m m s  i onai r r a l  i I'rmt n t r  . 
cl. S t r a i s r h t n  G T  and/'or f l a t n f  :is. 



5 .  Ultrasonic 

Class A, RAC 5439. 

3. Fabricat ion Plan 

The manufacturing plan for  f 'abrication of t h e  gore i s  shown in 

d e t a i l  i n  thb Manufacturing and Inspection Record ( M & IR) which 

is  a p a r t  of t h i s  r w o r t .  Th gmera l  tht n l n n  is as follows: 

1. 

2. 

3. 
4. 

5 .  
6. 
.7 

I *  

8. 
9. 

10. 

11. 

12. 

13. 

l i c .  
3 5 .  

16. 

17 . 
I-){. 



C. Test Plan 
Both nondestructive and des t ruc t ive  t e s t  requimnents  f o r  

the base gore segments are outlined. lOondestructive t e s t s  

will be required for a l l  th ree  s e p e n t s  f'abricated i n  Phase 

111. Only one gore se@aent w l l  be des t ruc t ive ly  tes ted .  The 
remaining two segments w i l l  be del ivered t o  NASA. 

?Iondestructive Testing 

2, Ultrasanic  

The raw p l a t e  stock from which t h e  gores a r e  t o  be fabr ica ted  

s h a l l  be u l t r a son ica l ly  inspected pe r  BAC 5439, Class A. The 
u l t r a son ic  inspection is included i n  the  Receiving Inspection 

Plan. 

2. Penetrsnt Inspection 

The gore segments s h a l l  be cleaned and penetrant  inspected pe r  

60~32002 after f i n a l  machining and a f t e r  ho t  fonning. This w i l l  
make it possible  t o  isolate whether any d l scon t lnu l t l e s  detected 

are created during the  machining o r  the,forming processes. Ihe 

penetrant  inspection is  a part of the  manufacturing plan,  

Destruct ive Test ing 

I.. Trim Material  

Three s e t s  of t e n s i l e  t e s t  specimens w i l l  be taken from the  t r im 

mater ia l  of each gore assembly from three d i f f e r e n t  locat ions.  

The approximate loca t ions  of the  six specimens (three each c i r -  

cumferential an8 meridional)  a r e  shown i n  Figure 19. Specimens 

w i l l  be t e s t e d  i n  accordance with Fed. Test  Method No. l5la, 
specimen type F2, t o  determine the  ul t imate  t e n s i l e  s t rength,  

0.2 percent  o f f s e t  y ie ld  s t rength,  and elongation in 8 2 inch gage 

length.  Fach specimen w i l l  be iden t i f i cd  as t o  the  cxact l oca t i an  

from which I t  WBD takcn. Dctai le  of opt-cimcn preparation art' 
u h m  in thr M & IR p p c r .  Thc twt rmul to  wlll bc includcd i n  t h -  
f i n a l  rc>prt of t h r  can t r ac t .  

NAS 8-20534 ( 6 )  
20 



. 

p .  Base Gore Assembly 

Ih. 

b. 

e. 

d. 

9. 

Mechanic a 1  Propert 1 e s 

Test specimens for  the  evaluation of mechanical propert ies  

of a completed gore shall be taken from the l o c a t i m s  shown 

i n  Figure 20. Each specimen w i l l  be ident i f ied  as t o  i t s  

location. "he specimens w i l l  be tes ted  per Fed. Test  Method 

No. l5la ,  t o  determine ul t imate  t e n s i l e  ctrength, 0.2 percent 

offset  yield strength, wad elongation. For the d i f fus ion  

band jo in t  specimens, t h e  gage length s h a l l  be 0.25 inch and 

o ther  dimensions s h a l l  be the  maximum a t t a inab le  using the 

same proportions a s  t he  type R5 specimens i n  Fed. Test Mcthod 

l?o. 15la.  

Metallography 

Specimens fo r  metallographic examination w i l l  be obtained frm 
the  locations shown i n  Figure 20. Each specimen will be 

examined i n  the three  pr inc ip le  grain d i r ec t ions  and Lor[ 
and l O O X  photographs of each p i n  d i rec t ion  w i l l  be supplied. 

These photos w i l l  be compared t o  photos of ac received p l a t e  

mater ia l  to show any changes In  microstructure during pmcessing. 

Chemical Analysis 
Chemical analysis  of the  canpleted assexbly will be checked 

spectrochemically i n  accodance with Fed. Test  Hethod No. l5 la .  

Hydrogen Content 

An analysis  for hydrogen content w i l l  be performed per  b e i n g  

Document D2-1752. 

Rlyolcal proper t lea  w i l l  not be s ign i f i can t ly  affected by the  

manufacturing procese and no phyGicel p r o p ~ r t y  tests are t o  be 
performed. 

Details of cp.clmcn pwporat ian are chuwn I n  thc, M & IR paper. 

IUS 8-20534 (6) 
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Under c e r t a i n  load C ~ n d i t i ~ n s  i n  an aqueous salt solut ion,  

TI 8-1-1 is suscept ible  t o  s t r e s s  corrosion c'raclring. Dr. 
B. P. B m  of the  U. S .  N a v a l  Research Iaboratory has 

published a d r a f t  report in March, 1965, e n t i t l e d  "A New 

S t re s s  Corrosion Cracking Test Pmcedurc f o r  H i g h  Strength 

Alloys". 

charpy specimens i n  a 3 1/2$ aqueous ml t  solut ion.  

t e s t  r e s u l t s  indicated a reduction i n  prcacraclrcd charpy 

Impact res is tnnce.  

The t e s t  involves s teady-s ta te  loading of prccracked 

Publishcd 

Bueing has substant ia ted the  small precracked charpy results by 

co r re l a t ion  with wide center-notched and surfkce-fleked panels used 
t o  determine p l a in  strain and plane stress fracture toughness 
parameters . 
Results of these t e s t s  have been Gubmitttd t o  thc NASA Comm1ttt.c 

on Structurus  for the Supersonic Transport, and are  recorded in  

the  Thir teenth Meeting notes. In  view of the  omKl.abil i ty of 

the  above data ,  no add i t iona l  s t r e s s  corrosion t e s t i n g  w i l l  be 

performed i n  t h i s  study. 

CONCLUSIONS 
All too l ing  has been fabricated and I s  In r e a d i n e s ~ ,  a l l  rna t c~ ia l s  am 

avai lab le  except the  t i t a n i u m  p l a t e  f o r  the  gore's, thv  Mnufacturing 

Plan i s  prepared and i s  included In t h i s  report, and a l l  f a c i l i t i m  a r e  

on hand. 

ahead for t h e  f i n a l  Rmse I11 of the  contract .  Although the three 

titanium plates for the gores were ordered iaUr In0;lths QgO they have 

not a r r ived .  Titanium & t a l 6  Corporation has had a problem i n  the m i l l  

r o l l i n g  of the, titanium f i l l v t .  ! F h ~ x  pla te  w a ~  roll(d down to a thicknc-ss 
of 2-1/:) 1nchc.n when mlcro c r n c k n  appc*nrc.d on t h t .  p l a t ( .  r.urfncv. 

roll opcmt ian  m5 immc-d latcnly otoppcd. Negotiation:; am' now i n  p r o g r ~ n o  

a o  t o  whnt thc n f * x t  D t v p  w i l l  bc.  Thc r,uppl-J(*r. L v * l  i t  VC'L  t h u t  if they 

can rnacliincb t h r b  p l a t c  ourfact- tht. micro crack& ca:i b~ r~~movrod. Thr~y 

w l l l  then rc ro l l  t he  p l a t e  a t  a higher temperature of 
t h e i r  opinion w i l l  el iminate f u r t h e r  micro cracks. 

Other than not having the  t i tanium p la t e ,  we a r e  ready for go- 

l k c  

F which in 

Tie machlning operation 

22 



w i l l  remove enough mater ia l  so no f u l l  s i ze  plates can be made. 

When a d e f i n i t e  plan has been made, HASA e11 be informed so they 

can advise us of t h e i r  decision. 

NAS 8-20534 ( 6 )  
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FIGURE 2 

+ NO. N A S  8-20534(6) 
25 P A G E  

INTERNAL CONSTRUCTION OF THE VACU-FORM TOOL SHOWING 
FIRE-BRICK BEING LAID. THE SCREED TOOL IS BEING USED TO 
CONTROL FIRE-BRICK PLACEMENT. 



FIGURE 3 

VACU-FORM TOOL CONSTRUCTION 

. 
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FIGURE 4 

VACU-FORM TOOL CONSTRUCTION SHOWING GLASROCK FOAM 
BLOCKS BEING CEMENTED IN PLACE AND CHECKED BY T H E  SCREED 
TOOL FOR CONTOUR. 



FIGURE 5 

A CLOSE-UP VIEW OF THE WAX COVERED ttEATIN(; TUBES 

CEMENTED IN PLACE 

2-3930-7115 



THE WAX COVERED HEATING TUBES CEMENTED IN PLACE 

FIGURE 6 

1'""' 29 



FIGURE 7 

~ ~ t l E / N f l  

FINISHED SURFACE MADE BY SCREEDING A 3/8-INCH COATING 
OF CEMENT OVER THE HEATING ELEMENTS 

+ NO. N A S  8-20534(6) 

30 PA G E  
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FIGURE 8 

STEEL BRAID WELDED T O  THE TUBULAR H E A T I N G  ELEMENTS IN 

GROUPS OF 10 ELEMENTS FOR THE ELECTRICAL H O O K - U P  

2-39'30-7 t t s  
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FIGURE 9 

CHECKING THERMOCOUPLE CONNECTIONS. COVER PLATES ARE TO PRO- 

TECT PERSONNEL FROM EXPOSED ELECTRICAL CONNECTIONS TO THE DIE. 

2-5930-7116 



FIGURE 10 

B fl1T/Na NO. N A S  8-2053416) + 
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* PLOT OF THERMOCOUPLE 88 
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L / 
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Y 
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FIGURE 12 

HEAT UP CURVE OF VACU-FORM DIE 
TEST NO. 1 
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FIGURE 13 

THE COMPLETED VACU-FORM DIE WITH A VINYL SHEET IN PLACE 

DURING A VACUUM TEST 

2-3930-7113 
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FIGURE 14 

A CLOSE UP VIEW OF THE VACUUM PUMP AND METER DURING A 
VACUUM TEST OF THE DIE: A GACUUM OF ABOUT 28 INCHES OF . 

Hg, IS BEING OBTAINED AS INDICATED ON THE METER. 
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FIGURE 15 

HEAT UP AND SOAK CURVE OF VACU-FOWA DIE 
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FIGURE 16 

COMROLED COOL DOWN CURVE OF VACU-FORM DIE 



FIGURE 17 

HDEINC 

SCREED TOOL AND ITS RELATIONSHIP TO T l f  VACU-FORM TOOL 

+ NO. WS 8-20534 (6) 
p*oc 4a 
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FIGURE 18 
INSPECTION PROCEDURE FOR CHECKING SCREED AND VACU-FORM TOOLS 
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Contract NAS 8-20534 "Research 
and Development for Fabricating 
A Simulated Titanium Alloy Gore 
Segment, Lower Bulkhead, for 
S-IC Fuel Tank". 
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FIGURE 19 

TRIM MATERIAL TENSILE SPECIMEN LOCATIONS 
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